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Introduction ArvinMeritor
Construction

Strut Side Force

TOP WORK
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Input data ArvinMeritor.

Suspension geometry hard points
Suspension bushings rates

McPherson strut piston , rod guide locations
Suspension static loads

Coil spring end configurations

Spring seat end configurations

Packaging constraints
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MSC.ADAMS An alysis ArvinMeritor.
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MSC.ADAMS Analysis ArvinMeritor.

Current design Side Force Estimation
Screening DOE using MSC.ADAMS/Insight
Study the sensitivity of parameters

Effect of these factors on other suspension performance
parameters

Factorial DOE with interactions
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» Current design Side Force Analysis  ‘ArvinMeritor.

Half vehicle Event

Ride Motion Analysis

Simple Bending strut

Pierce point calculations (Coil end geometry)
User Requests
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The Strut Side force —Original ArvinMeritor.
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» Screening DOE Analysis ArvinMeritor.

Factors (18)
- suspension geometry parameters
- Bushing stiffness
- Strut length
Responses (2) —User defined
- Piston Side Force
- Rod Guide Side Force
Levels (2)
Experiment — Placket Burman (24)
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« Identifying Important Factors ArvinMeritor.

Factor Units Current Tolerance Min Nominal Max Description
o B
rear suspension d car rst spning seat lower left x mm —I —I I 2.0000 3.7351et+03 | 37451e+03 | 377551403 L .sprm,g it R A S
I 3.7451e+03 location
_'I _+I - - - Coil spnng {low end knuckle) 59 left
rear suspension d car rst sprning seat lower left v mim IW I 2.0000 6 44400405 | 6 34406402 | 6 24406402 | location
| ; :
rear_suspension_d_car_rst_spring_seat lower leff 2 |mm i B [=.0000 3000e402 (350000502 |5 600002 | ot Fine low end damclde) 25 IH
I 3.5000e+02 location
Nl EE ; ]
rear_suspension_d_car_rst_spring_seat_upper_left x| mm Bl 5 [z o000 S eaoal|lses i | s sy il apting epiensl fame) e dek
I 3.7651e+03 location
; : _I _+| - - - Coil spring (top end frame) 58 left
R S S e [5.1500e+02 22000 6.2500e+02 |6.1500e+02 |6.0500e+02 |location
| == s e i R

Ilain Effects for Eesponse: e 001 _d_car rear sys rride BMIN LR rodguide Y Force

Factor From To Effect Effect %o

rear suspension_d car rst spring seat lewer left v -5.4440e+02 -6 2440e+02 4 3581e+02 6543 _
rear_suspension_d_car_rst_spring_seat upper left v -6.2300e+02 -6.0500e+02 -2.9514e+02  -44.31 [

rear_suspension_d car rst spring seat upper left = 55240e+02 57240e+02 -1.1917e+02 -17.89 _
rear_suspension_d_car rst_spring seat lower left = 3.4000e+02 3.6000e+02 9.0385e+01 12.57

rear_suspension d_car rst strut_mount knuckle left = 7.2000 27200e+01 -7.6056e+01  -1142 N
rear_suspension d_car rst spring seat lower left 37351e+03 327551e+03  3.1533e+01 473 -
rear_suspension_d car rst strut_mount knuckle left x  3.6925e+03 3 7125e+03 -3.0670e+01 -4.6
d_car rst shle ssb_strut mount lktScaleFactor v -2.0000 4.0000 2 9200e+01 4.47 -
d_car rst shk ssb_rodLength 3.3000e+02 35000e+02 -2.5920e+01 -3.8% -
d_car rst shle ssb_strut mount lktScaleFactor z -2.0000 4.0000 -2.2633e+01 -2.4
d_car rst shic ssb_strut mount krScaleFactor x -2.0000 <.0000 -2.1808e+01 =327 -
d_car rst strut mount bus_rz_stiffhess linear data_rate %0000 1.1000e+01  1.4334e+01 2315 .
d_car rst shle ssb_strut mount krScaleFactor z -2.0000 <4.0000 1.4187e+01 B .
d_car rst shle ssh_strut mount lrZcaleFactor w -2.0000 4.0000 -1.328%e+01 -2.01 .
d_car rst shie ssb_topStrutLength 3.9420e+02 4.1420e+02 -1.2793e+01 1920
d_car rst shle ssh_strut mount ltScaleFactor -2.0000 4.0000 37475 0.56 I

rear suspension_d car rst spring seat upper left x 3.7551e+03 377751e+03 -2.5465 -0.38 I
rear suspension d car rst ostrut mount kouckle left v -6 2040e+02 -6.0040e4+02 -2.6200e-01 -0.04
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* Factors affecting Piston Side Force

MSC

» Spring Seat Lower Y (OB)

Iain Effects for Besponse: e _001_d_car rear sys rride MIN LR _piston_Sforce
Factor From To

rear_suspension_d_car rst spring seat lower left v -6.4440e+02 -6 2440:+02
rear~suspension_d_car_rst spring seat upper left v -6.2500e+02 -6 0500:+02
rear_suspension_d_car_ret strut mount knuckle left z 7 2000 277200e+01
rear_suspension_d_car_rst spring seat upper left = 5.5240e+02  57240e+02
rear_suspension_d_car rst spring seat lower left = 24000e+02  3.6000e+02

d_car rst shk ssb_strut mount krZScaleFactor x -2.0000 4.0000
d_car rst shk ssb_topStnutLength 3 9420e+02  4.1420e+02
rear_suspenston_d car rstostrut mount kockle left w0 36925e+03 37125e+03
d_car rst shk ssb_rodLength 33000e+02  3.5000e+02
rear_suspension_d_car_rst spring seat lower left x 37351e+03 377551e+03
d_car rst shk ssb_strut mount kt3caleFactor v -2.0000 4.0000
d_car rst shk ssb_strut mount kt3caleFactor z -2.0000 4.0000
d_car rststrut mount bus rz shfffiess lnear data rate 20000 1.1000e+01
d_car rst shk ssb_strut mount krZScaleFactor v -2.0000 4.0000
rear_suspension_d_car rst strut mount kouckle left v -6 2040e+02 -6 0040e+02
d_car rst shk ssb_strut mount kt3caleFactor = -2.0000 4.0000
rear_suspension_d_car rst spring seat upper left x 3T7501e+03 37751e+03
d_car rst shk ssb_strut mount krZcaleFactor = -2.0000 4.0000

SOFTWARE.

Effect

2.1263e+02
-1.4318e+02
-7.1087e+01
-5.3477e+01
3623%e+01
-2.2047e+01
-2.018%e+01
-1.8620e+01
-1.6231e+01
1.5811e+01
1.4851e+01
-1.2493e+01
1.2184e+01
-1.2041e+01
1.0728e+01
4 8663

2.5752

-8.7918e-01

Spring Seat Upper Y (1B)
Strut mount at Knuckle Z (Up)
Spring seat Upper Z (Up)
Spring seat Lower Z (Lower)

Effect %%

6.4 I
-46.69 I
-23.13 [

-17.44 I
1122

-7.19
-6.53
-6.07
298
515l
422
4070
39710
-3.93 0
3510
i |
W |
029

Huntington Beach,

ArvinMeritor.
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» Factors affecting Rod guide Side Force

MSC

Iain Effects for Besponse: e _001_d_car rear sys rride MIN LR _piston_Sforce

Factor
rear_suspension_d_car rst spring seat lower left v
rear~suspension_d_car_rst spring seat upper left v
rear_suspension_d_car_rst strut mount knuckle left =
rear_suspension_d_car_rst spring seat upper left =
rear_suspension_d_car rst spring seat lower left =
d_car rst shk ssb_strut mount krZScaleFactor x
d_car rst shk ssb_topStnutLength
rear_suspension_d_car rst strut mount kuckle left x
d_car rst shk ssb_rodLength
rear_suspension_d_car_rst spring seat lower left x
d_car rst shk ssb_strut mount kt3caleFactor v
d_car rst shk ssb_strut mount kt3caleFactor z
d_car rst strut mount bus rz shfffiess lnear data rate
d_car rst shk ssb_strut mount krZScaleFactor v
rear_suspension_d_car_rst strut mount kouckle left v
d_car rst shk ssb_strut mount kt3caleFactor =
rear_suspension_d_car rst spring seat upper left x
d_car rst shk ssb_strut mount krZcaleFactor =

SOFTWARE.

From To
-6.4440e+02 -6 2440e+02
-6.2500e+02 -6.0500e+02
7.2000 277200e+01
5.5240e+02  57240e+02
34000e+02 3.6000e+02
-2.0000 4.0000
3.9420e+02 4.1420e+02
3692503 37125403
3.3000e+02 3.5000e+02
37351e+03 377551e+03
-2.0000 4.0000
-2.0000 4.0000
50000 1.1000e+01
-2.0000 4.0000
-6.2040e+02 -6.0040e+02
-2.0000 4.0000
3755103 37751et03
-2.0000 4.0000

Effect

2.1263e+02
-1.4318e+02
-7.1087e+01
-5.3477e+01
3623%e+01
-2.2047e+01
-2.018%e+01
-1.8620e+01
-1.6231e+01
1.5811e+01
1.4851e+01
-1.2493e+01
1.2184e+01
-1.2041e+01
1.0728e+01
4 8663

2.5752

-8.7918e-01

Spring Seat Lower Y (OB)
Spring Seat Upper Y (1B)
Spring seat Upper Z (UP)
Spring seat Lower Z (Lower)
Strut mount at Knuckle Z (UP)

Effect %%

6.4 I
-46.69 I
-23.13 [

-17.44 I
1122

-7.19
-6.53
-6.07
298
515l
422
4070
39710
-3.93 0
3510
i |
W |
029

Huntington Beach,

ArvinMeritor.

California




e Factorial DOE ArvinMeritor.

*Factors (5)
- Selected from Screening DOE
- Interactions included

* Responses (2) —User defined

- Piston Side Force

- Rod Guide Side Force
e Levels (2)

* Experiment — Fractional Factorial (16)
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 Effects — Based on Factorial DOE ArvinMeritor.

Factor Units | Current Tolerance Min Nominal Max Description
: - J j - - : Coil spring (low end knuckle) 59 1eft
rear_suspenswn_g_car_rst_spmg_seat_lower_left . ¥ |tnm W |2.DDDD € ALA0e40D |6 3440100 | 654405400 | location
il R
rear_suspension d_car rst spring seat lower left =  |mm J J I 2.0000 3.4000e+02 | 3.5000e+02 | 3.6000e+02 i sprng Ui e
| 3.5000e+02 location
- : J j 5 5 o Coil spring (top end frame) 58 left
rear_suspension_d_car_rst spnng seat upper left v |mm I—-B. AERT I 2.0000 €95006400 | € 15006202 605006202 |location
- i : 4
rear_suspension_d_car_rst_spring_seat_upper lef z | mm ElE] [2 0000 552406402 |5.62400+02 | 5.7240e+02 | ~OL spring (fop end frame) 58 Ieft
| 55240402 location
rear_suspension_d_car rst strut mount knuckle left z|mm T 2.0000 7.2000 17200e+01 |27200e+01 | Strut lower 36 left location
=]

Iain Effects for Response: e 001_d_car rear sys rride MIN LR _Piston Y Force

Factor From To Effect Effect %

rear_suspension_d_car rst_spring_seat_lower left v -6.4440e+02 -6.2440:+02 1.3425¢+02  116.92 [N
rear_suspension_d_car_rst_spring_seat_upper_left v -6.2500e+02 -6.0500:402 -94318:+01  -71 53 [
rear_suspension_d_car_rst_spring_seat upper_lefft_z  5.5240e+02 57240e+02 -8278%+01  -6272 [

rear_suspension d_car rst spring seat lower left = 3.4000e+02 36000e+02 7.6993.+01  52.30 [
rear_suspension_d_car_rst_strut_mount knuckle left z 7.2000 27200e+01 -3.1608:+01  -23.97 |

Iain Effects for Response: e 001_d_car rear sys rride MIN LR Rodguide Y Force

Factor From To Effect Effect %
rear_suspension_d_car_rst_spring_seat, lower_left y  -6.4440e+02 -6 2440e+02 2580%¢+02 103 22 [N
rear_suspension_d_car_rst_spring_seat upper_left v -6.2500e+02 -6.0500e+02 -16081e+02  -64 35
rear_suspension_d_car_rst_spring_seal upper_lefi_z  5.52406+02 57240e+02 -13227¢+02  -52.93 N

rear_suspension_d_car_rst_spring_seat, lower left z  34000e+02 36000402 1220%+02 4921 [
tear_suspension_d_car_ret_strut_mount knuckle left z 7.2000 27200e+01 -4.1679e+01  -16.62 [N
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« Effects Ranking - Factors & Interactions ArvinMeritor.

Fareto CThart of the Effects
(resporcse i Piston, Alpha= 103

[

1 1 1
o =1 100 150
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- Selection of Optimum factors settings ArvinMeritor.

4 Significant Factors

The interactions are insignificant
Responses with optimum factors settings
Comparison of results
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—(( a0y =
« Comparison of Strut side Force ArvinMeritor
500.0
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Presentation Outline ArvinMeritor

Introduction
Input data for ADAMS Analysis
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Results
- Conclusion
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Conclusions ArvinMeritor.

The Strut side force is optimized using MSC.ADAMS
DOE Studies are useful to identify significant factors

Integration of ADAMS/CHASSIS and ADAMS/INSIGHT is
useful for optimization studies
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